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Monitoring 

O v e r v i e w  

GREP : a global 1993-2017 multi-
reanalysis ensemble product at 
~25km and daily frequency 

Ocean Monitoring Indicators and 
their robustness estimates 

Hands on Ocean Heat Content 
computation 
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Design and evaluation 

G R E P  



Marine  
Monitoring  Use of NEMO ORCA025 (1/4°) + LIM  & 75 vertical levels  

 Forced with ERA-interim reanalysis 

 Multivariate assimilation of satellite SST, SLA, in situ T/S profiles + 
satellite Sea Ice concentrations 

 oceanic initial conditions for coupled ocean-atmosphere seasonal 
(re)forecasts 

 1993-2017 ensemble mean, standard deviation and individual 
members for T, S, U, V, SSH, SIC available in July 2019 from 
marine.copernicus.eu 
 ¼°x ¼° daily frequency  available in July 2019 

 1°x1° monthly 1993-2016 already online 

 CMEMS open and free data policy 

F o u r  r e a n a l y s i s  p r o d u c t s  u s i n g  N E M O  ¼ °  
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F o u r  r e a n a l y s i s  p r o d u c t s  u s i n g  N E M O  ¼ °  

Name / main reference Production 
centre 

Model 
version 

Assimilation  

GLORYS2V4 / Lellouche 
et al (2013) , Ocean 
Science 

Mercator  

Océan 

NEMO3.1 

LIM2 

SAM2 (SEEK) & 3Dvar bias correction 

7-day assimilation window 

Hybrid MDT (obs+model) 

GLOSEA5v13 / 
MacLachlan et al (2014) 
QJRMS 

UK Met 
Office 
Hadley 
Center 

NEMO3.4 

CICE4.1 

NEMOVAR (3Dvar) & bias correction 

1-day assimilation window 

Hybrid MDT 

C-GLORSv7 / Storto et al 
(2016) QJRMS 

CMCC NEMO3.6 

LIM2 

OceanVar (3Dvar) & bias correction 

7-day assimilation window 

Model MDT 

ORAS5 / Zuo et al 
(2017) ECMWF Tech 
Memo 

ECMWF NEMO3.4.1 

LIM2 

NEMOVAR (3Dvar) & bias correction 

5-day assimilation window 

Model MDT 



Marine  
Monitoring 

E v a l u a t i o n  w i t h  G O D A E  C L A S S 4  m e t r i c s  

All individual members are evaluated with CLIVAR/GSOP/GODAE metrics 

check of accuracy with respect to assimilated in situ T & S profiles 
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E v a l u a t i o n  o f  i n d i v i d u a l  m e m b e r s :  G L O R Y S  

RMS < 0.3 m.s-1  
Underestimation of EUC (Equatorial Under Current) 
Continuous improvement since the beginning of GLORYS 
-> data assimilation & mean dynamic topography 

Independent current meters from TAO/TRITON (in situ TAC) 

V3 

Current 
V4 

OBS 
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O c e a n  s t a t e  
r e p o r t i n g  w i t h  G R E P  
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O c e a n  S t a t e  R e p o r t  

  

 
Online summary and indicators for 
• EU and Member States policy makers 
• Environmental agencies 
• Regional Sea Conventions  
• International organizations (IPCC, UN 

SDG14, OECD…)  

Reference eu peer reviewed annual 
report (now #4 in preparation)  
based on CMEMS products 
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A s s e s s i n g  r o b u s t n e s s  o f  O M I s  w i t h  G R E P   

 

Heat content using GREP ensemble mean + CORA + ARMOR3D  
shading = where  signal < spread 

Online Ocean Monitoring Indicator OMI 

Time series can 
be downloaded 
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A s s e s s i n g  r o b u s t n e s s  o f  O M I s  w i t h  G R E P   
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H a n d s  o n  O c e a n  
H e a t  C o n t e n t  
c o m p u t a t i o n  



Marine  
Monitoring Open your navigator (any browser except chrome) and launch: 

https://bit.ly/2Lw8T5n  

 

If binder is still loading after more than 30s, refresh the page until you get 
this interface: 

 

 

Click on 
training_godae 

https://bit.ly/2Lw8T5n
https://bit.ly/2Lw8T5n
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L e t ’ s  g o !  
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Marine  
Monitoring Compare your results with the online OMI of heat content: 

• What differences do you see between your results and the OMI? How 
can they be explained? 

• Explore the regional signals, are they consistent with the regional 
trends as given in the Ocean State Report summary?  

O c e a n  H e a t  c o n t e n t  f r o m  r e a n a l y s e s  
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M e a n  S e a  L e v e l  r i s e  

We’ll try to 
reproduce this 
curve: 
• What difference 

between your 
curve and this 
one? 

• Explore the OMI 
documentation 
to understand 
where the 
differences come 
from 

• Look at global 
and regional 
trends 
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df = pd.DataFrame(msl,index=tt) 

plt.plot(df) 

df_annual= df.rolling('365D').mean() 

 

coefficients, residuals, _, _, _ = np.polyfit(x,msl,1,full=True) 

coefficients[0]*12*1000  

# trend in mm/year 

 

coefficients, residuals, _, _, _ = np.polyfit(x,df_annual,1,full=True) 

coefficients[0]*12*1000 
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